Abstract
The goal of this study is the investigation of the promising secondary flow control technique of non-axisymmetric end wall profiling in a engine representative environment. So far most research has been carried out in linear cascades. In this work non-axisymmetric end wall profiling is applied in a rotating rig using a high accuracy time-resolved probe measurement technique. The baseline turbine is an ETH design representing a high work, unshrouded 1.5-stage turbine. The first stage of the turbine has been redesigned twice with first vane tip and hub end wall as well as with a blade hub end wall. Furthermore with this work the first experimental data on the sensitivity of non-axisymmetric end walls to purge flow as an example of secondary cooling air is presented. Through a redesign of the rig it is possible to inject up to 1.3% of the main massflow through the rotor upstream rim seal. Without purge flow non-axisymmetric end wall profiling has demonstrated a considerable increase of total-to-total efficiency. The two designs increased the total-to-total efficiency by 1% ± 0.32% and 0.3% ± 0.32% respectively relative to a baseline efficiency of 91% ± 0.37%. The 1% ± 0.32% efficiency benefit with the first end wall design is primarily the result of an improved first nozzle guide vane performance. While the secondary losses have been reduced as predicted the largest improvement is unexpectedly seen in the wake region. This is the result of an alleviation of vane blockage and consequent reduction of the suction side peak Mach numbers. Furthermore the end wall contour leads to an aft loaded pressure profile which potentially delays transition. Additionally the time-resolved flowfield analysis shows that the first end wall design enhances the total pressure extraction from the first vane flow structures. This also contributes to the higher efficiency with the first end wall design. The 0.3% ± 0.32% efficiency benefit of the second design is predominantly the result of an improved blade row performance because the averaged first vane loss is higher than in the baseline case. The reason is a considerably increased loss at the first vane tip end wall with the second design. The additional loss is caused by a strong laiv te suction side diffusion, which results in a separation (corner stall). For two out of the three redesigned end walls the secondary kinetic energy and the loss reduction show a linear relation. At the tip the secondary kinetic energy reduction and loss reduction do not correlate as the responsible loss mechanisms are not captured by a change in secondary kinetic energy. In this investigation it can be seen that purge flow influences the characteristic of the rim seal exit pressure field. The vane dominated pressure field without injection becomes rotor dominated once purge flow is applied. Injection jets develop which remain circumferentially in approximately the same rotor relative position. At the same time these jets are modulated by the first vane row pressure field. These structures introduce streamwise normal vorticity. Due to turning around the leading edge streamwise vorticity is created. At 35% blade axial chord an additional purge flow induced vortex is identified which has the same sense of rotation as the passage vortex. This vortex subsequently merges with the blade hub passage vortex leading to a diffused flow structure with higher unsteadiness. The first end wall design having the highest efficiency without purge flow shows the highest efficiency drop of 1.2% ± 0.32% per injected massflow percent if purge flow is applied. The second end wall design and the baseline case show comparable sensitivities with −0.7%/% and −0.6%/% to purge flow. The reason for the increased sensitivity of the first design is an increased circumferential pressure gradient at the first vane rim compared to the baseline case and the second end wall design. This results in the strongest injection jets and therefore in more induced vorticity. Finally the second end wall design shows a change of mode of the rotor hub passage vortex at an injection rate of 0.9%. Below this rate the vortex is intense and close to the end wall. At 0.9% the vortex is strongly increasing in size and also carries more unsteadiness. Only at this injection rate the spectral analysis of the hub passage vortex fluid shows a band of subharmonic frequencies. If the injection rate is further increased the vortex becomes again more constrained and establishes itself at a higher radial position. The 'change of mode' is coupled with a kink in the efficiency sensitivity curve. 
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